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(54) Title: METHOD FOR PRODUCING PHOTORESIST MASTER FOR OPTICAL INFORMATION MEDIUM, AND 
METHOD FOR PRODUCING STAMPER FOR OPTICAL INFORMATION MEDIUM 

(57) Abstract: A method for producing a photoresist master adapted for use in the manufacture of an optical information medium is 
provided. This method has enabled formation of a fine pattern having a minimum width which is about half of the wavelength used 
for the exposure, and in this method, decrease in the pattern height has been suppressed and tapering of the pattern profile has been 
improved. In this method comprising the steps of applying a photoresist layer on a substrate, exposing the photoresist laxer to a laser 
beam to form a latent image to form a protrusion/depression pattern to thereby produce the photoresist master, and in this method; a 
light absorbing layer is formed between the substrate and the photoresist layer and in contact with the photoresist layer exhibits light 
absorption at the wavelength of said laser beam. 
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Method for Producing Photoresist Master for Optical 
Information Medium, and Method for Producing Stamper for 
Optical Information Medium 

5 

TECHNICAL FIELD 

This invention relates to a method for producing a stamper 
which is used in producing an optical information medium having 
protrusion/depression pattern such as grooves andprepits, and 
10 also, a method for producing a photoresist master used in such 
stamper. 

v O-O^ ' . - , background art • • ' '. . .... ,. ... v -;- .''? v .\' y^'-: • 

'. v , p^;''/r^;Ojpt±ca% : ;di;s ks-^i-nclude write once and ; .rewr j&atil'e; * opt^dal^i'? - - m S..'" ' : 'i v 3 t > ^ 
16-'* recording disks and read only disks . Optica:! recording disks" ?■ ' . v % 

have a recording layer formed on a disk substrate which 1st ;.\.. 
. "provided on its. surface with (guide) grooves for tracking arid ' ; 
other purposes. On the other hand, the read only disks have 

information-bearing pits integrally formed on the surface of. . ^ 
20 v >the rdisk substrate. ; > . : /\ • v^'-v > .-. \-. : ; ••; • 

^ : : . ; ^ ir^Iding^^t^v- ;c i.; j{\Cr:>&-:fi^- 

^^r^sin or:.b|'&ansfierring the pattern usintjU: a stamper ha^ingar j: 1 ivry- >••; -'^M * 
_ y " <^a /negative ^it^or ;groove pattern ^ ; The st^pe^ >?:'•■•; 'v'v^p £ : -'?> 

! t ^comprise s/ ; a:^ such; asi. nickel; In.; ordier 5 ^- ^ " 1 ;\ . . : -':> 

25 manufacture such stamper, a photoresist master is first' ' , 
prepared. 

The following process is generally employed for preparing 
the photoresist master. First, a photoresist layer is applied 
on the surface of a glass substrate. The* photoresist layer 
30 is. then exposed to patterning beams such as laser beams to form : 
a latent image of the desired pattern, followed by development. ' 
A protrusion/depression pattern is thereby formed on the 
photoresist layer, and the photoresist master is produced. 
In manufacturing a stamper by using such photoresist 
35 master, a metal thin film of nickel or the like is formed by 
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sputtering, electroless plating or the like to thereby impart 
electric conductivity to the surface of the photoresist layer. 
Electrof orming is then effected to deposit a film of nickel 
or the like on the metal thin film. Then the laminate of the 
5 metal thin film and the electrof ormed film is stripped from 
the photoresist layer. The laminate is ready for use as the 
stamper (master) . This stamper master may be used as the 
stamper directly, although a stamper mother may be prepared 
from the stamper master and used as the stamper. The stamper 
10 mother is prepared by electrof orming a film on the surface of 
the stamper master and stripping the electrof ormed film. It 
is recommended to previously oxidize the surface of the stamper 
master so that the electrof ormed film may be readily stripped * ^ 
therefrom. Alternatively, a stamper child- may be similarly^ ;"5 * ; :p 




photoresist layer is limited by the diameter of. a laser beam ' ; | 

spot at the surface of the photoresist layer. The beam spot' 




20 diameter w is represented by w = k-X/NA wherein X is the 

• is 
wavelength of the laser beam, NA is the numerical aperture of \. ; . s 



J 



theor et ically exceed the limit set by the spot diameter /.height 
of the pattern is likely to become reduced due to the thinning 
of the photoresist layer, and sharpness of the pattern is also 
likely to become insufficient due to the tapered pattern 



30 profile. It is believed that one major cause for such 

inconvenience is the reflection of the laser beam at,.the 
interface between the photoresist layer and the glass 
substrate. To be more specific, it is believed that the 
reflected laser beam returns to the photoresist layer to 



35 induce a multiple exposure state and this results in the 
ambiguous latent image pattern. In order to prevent such 
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reflection, Japanese Patent Application Laid-Open No. ( JP-A) 
263140/1992 proposes a glass master provided with a non- 
reflective coating which is adapted for use in the manufacture 
of an optical disk stamper. The anti-reflective coatings 
disclosed in JP-A 263140/1992 are a MgF 2 film (mono-layer, 
anti-reflective film) and a multi-layer dielectric film 
(multi-layer, anti-reflective film) . Both of these coatings 
comprise an inorganic material, and the reflection is 
prevented by means of optical interference. 

DISCLOSURE OF THE INVENTION 

Based on the disclosure of the JP-A 263140/1992, the 
■ y inventors of the present invention produced a photoresist - ^ ■ '*f 

master by using a substrate provided < wi tto ;»a * npn^r e if 1 £ ct i ve£ 1 < & ' *• ? ; V-^r$ 
15 • coating comprising a film of an inorganics material, aiidltia? sv \^Kfo .y^v; 4>W 



10 



stamper was produced by using this photoresist master. 7 v—v''-' - - 
However, when the pattern formed was a fine pattern having^-. - -J* 

a minimum width which is about half the wavelength 1 used - in:'' ;\ . " • \ : /■ ■ 
the exposure, provision of the non-reflective coating was far 
20 from being effective in suppressing the decrease of the _ % « . # .. | 

- pattern : height and improving the pattern: sharpness . . .. ;. .;•>•.:. - 
I 'C.J In view of the ^uatlon. as described above,; an : - ob^.^ct;> 

' S ;: "r «of -the present invention is to enable formation of ^a.^firie)x:^nt^Cvfit : :i^ '* c£ "cr- 
• ■* : ': ::: ^*: V V. ^.pattern- Vaving a' • mi feMim ; widt h whi ch is ^out half o^ va!*tri/ 
; " 25 . wavelength used f or bSxpbslure in the photoresist master used * > ^; > ' - 

in producing an optical information medium, wherein decrease 
in the pattern height has been suppressed and tapering of the 
pattern profile has been improved. 

Such objects are attained by the present invention as 
30 described in (1) to (7), below. . . 

(1) A method for producing a photoresist master for ah \ 
optical information medium comprising the steps of r 
applying a photoresist layer on a substrate, 
exposing the photoresist layer to a laser beam to form 
36 a latent image in the photoresist layer, and j ■>.•;■■ ~ X 
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developing the latent image to form a 
protrusion/depression pattern to thereby produce the 
photoresist master; wherein 

a light absorbing layer is formed between said substrate 
5 and said photoresist layer and in contact with said photoresist 
layer, and said light absorbing layer exhibits light absorption 
at the wavelength of said laser beam. 

(2) The method according to the above (1) wherein said 
light absorbing layer contains an organic compound which 

10 exhibits light absorption at the wavelength of said laser beam. 

(3) The method according to the above (2) wherein the 
organic compound used is at least one member selected from a 
photoinitiator, a co-initiator, , and a dyel ;. 

• (4|^ ; -The method according to any one of the4aboye (1) to, 
15, ^; ;.. .' ' ,'.:'''■'')•:. ' .. 1/ •••A: V • >. 7/\ 

. /..^*'.,t R y x, E < 0.6, . • . ' ; • • : 'V'''-;:?^ ]■ 

is satisfied when said laser beam has a wavelength of X E (unit: 
; nm) , and said photoresist layer has a thickness of t R (unit: 
nm) . 

20 (5) The method according to any one of the above (1) to 

. (4) : wherein the relation: I . , ■ ]' 

l/ : '4:-0'' : y \ ;V ^•Yv^p. 7 A, E 0.9;. '• ( '■T;' i}^ : J % 

^'^5sati^^e?cl when said laser beam has . a wavelength rp&'fcjjj- faanit : > 
^''ap'd^-aid . protrusion/depression patter^ ,£.Gf^e<fcj&ii.' thev- 
2fr ^ has a minimum width of ? W p ; "' (^init:;:i rim) v ; 

(6) A method for producing a stamper for an optical 
information medium by using the photoresist master for an 
optical information medium produced by the method of any one 
of the above (1) to (5) , wherein said method comprises the step 

30 of transcribing said protrusion/depression pattern formed in 
the photoresist layer to a metal film. 

(7) ' The method according to the above (6) comprising the 
steps of 

forming a nickel thin film on said protrusion/depression 
35 pattern/formed in the photoresist layer by electroless plating, 
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forming an electrof ormed film on said nickel thin film, 

and 

peeling said metal film comprising said nickel thin film 
and said electrof ormed film to thereby produce the metal film 
5 having the protrusion/depression pattern transcribed thereto . 

It is to be noted that the term "'electrof ormed film" is 
used herein as >x a film formed by plating" as often is the case 
in the art, namely, in the case of stamper production. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a photograph taken by an atomic force microscope 
of the fine pattern formed on the substrate of the stamper 

produced by using the present invention. u %/ , . ; ; ;:,> .'>:".": v. '\ 

; * ' FiG v 2-ib .Vi \ : y vi:; 

15 of. the. fine pattern .formed von the .substrain Ao*£- tfhie^^^nf^b}^ ^ * J >■'■?. <$g 
produced by a conventional method. ^ ' ^ ; 

BEST MODE F6R CARRYING OUT THE INVENTION ' V . r 

In the production of the photoresist master according to 

20 the present invention, a light absorbing layer is formed ; . ^ f 
^between the substrate and the photoresist layfer^an^ >: Y^^** 

- with the photoresist -layer, and this light absorbirig/ilayerLU' 3 i:^ ■ , c*uu t-«u"* 
exhibits lighXrabsor^tion at the wavelength of 1 the ra'ser..beam>V^l 1 * t I/" //v* 
.usedv •:>•■; V^?:*-.' ."• f ' : . -,■ . YYY- '- " 

25 ¥his light: absorbing layer preferably contains ah organic 

compound which exhibits light absorbency (hereinafter also 
referred to as a light absorber) . The light absorber is 
preferably at least one compound selected from a photoinitiator , 
a co-initiator, and a dye. The photoinitiator is an organic 

30 compound which is typically used in combination with a light 
curing resin, and it generates a radical by absorbing; >UV or • 
other lights In the c<ase of the co-initiator, the co-initiator r 
itself is not activated by the UV irradiation. However, when 
the co-initiator is uSed in combination with a photoinitiator, 

35 the * phot oina t i a t i on xs more efficiently promoted compared' to ' 
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the use of the photoinitiator alone, and the curing proceeds 
more efficiently. In the present invention, use of the 
co-initiator is preferable in view of its higher stability 
compared to the photoinitiator which undergoes decomposition 
5 simultaneously with the generation of the radical. An 
aliphatic or an aromatic amine is typically used for the 
co-initiator. In the present invention, it is preferable to 
use for the co-initiator at least one of 4,4'- 
bis (dimethylamino) benzophenone, 4, 4' -bis (diethyl- 

10 amino) benzophenone, ethyl 4-dimethylaminobenzoate f (n- 
butoxy) ethyl 4-dimethylaminobenzoate, isoamyl 4- 
dimethylaminobenzoate, and 2-ethylhexyl 4-dimethylamino- 
benzoate. Among these, the most preferred are the 
' benzophenone compounds, • K '•.•>_• j c^;.^; 1 

15' Generally containing ttie l r ight v ? 



absorber is preferably: if armed 1 by the procedure as desjcribed^^/: "\ >?; : j.* 3 >,->'■ 
below. First, the light absorber is dissolved in. a : solvent V 

to produce a coating 'solution. If desired, the coating y^:^^;r :^ ^r'-rr ./ -\%k 
solution may also contain a thermally crosslinkable compound " 



20 in addition to the light absorber. When the coating containing 




, of ^the - light absorbing 'layer with photoresist layer cah v <{b'er> K >ir i \ . >v u.ft i*K' 
25 suppressed T^ coating'solution may a=iso contain ari optl^ r * . r " ; 



additive such as an adhesion aid which improves adhesion of 
the light absorbing layer to the photoresist layer, or a 
surfactant. It is to be noted that a coupling agent layer may 
also be formed between the substrate and the light absorbing 

30 layer to thereby improve the adhesion between the substrate 
and the light absorbing layer. 

The content of the light absorber in the light absorbing, 
layer is preferably in the range of 10 to 70taass%. Sufficient .L; 
light absorption will not be attained when the content is too 

35 low, while an excessively high content of the light absorber • 
may result in/^^insileficient film strength of the light 
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absorbing layer due to the relatively reduced content of the 
cured product of the thermally crosslinkable compound- It is 
to be noted that the light absorbing layer may preferably have 
an absorption coefficient (herein used as an extinction 
6 coefficient) k of at least 0.01, and more preferably at least 
0.1 at. the wavelength of the laser beam used. When the 
absorption coefficient is too small, sufficient absorption of 
the laser beam by the light absorbing layer will be difficult. 
The thickness of the light absorbing layer is not 

10 particularly limited as long as the light absorbing layer is 
formed to a thickness that allows sufficient absorption of the 
laser beam used for the exposure of the photoresist layer. When 
the .thickness of the light absorbing layer. is insufficient,/^ 

v . - the/iaser beam will not be sufficiently ^sp^^(i and> the i ; ■ < 2j*, m %x\ 

-I 15 . ^ ^^\.M^t 
;and deformation of the latent image. On the <6J:her hand,, if ,t ? 
the; light absorbing layer were formed to a thickness of more : V,- 
than 300 ran, the layer will not exhibit significantly improved^ - : ■ f 4 ^ 

light absorbency for the laser beam and th£ -material used for / ; - 

20 the light absorbing layer is likely to be wasted. Furthermore, 



when the light absorbing layer is deposited: to a" thickness^" in ;^ : ^ ? ' " 



: :-v : ^.iv^xcis:S of 300 nm,* ;/faeatvWill7be excessively^a^^ the : ? h \. ^ J: 

;\>vlfeght absorbing layer upon irradiation of theHlaser .beam,:.; andui : u:>:.:/ iri:^^to 
> ^ : r sthis is , likely to result in the thermal decomposition .of -the vt ; ir/ t\v+ 

25 ^hof&esi ^kp'Ofttife difficult;. ;^In -.[y] " ■ ■ ; 5; v 

view of such situation, the light absorbing layer is preferably 
deposited to a thickness of 1 to 300 nm, and more preferably 
to a thickness of 10 to 200 nm. The degree of the thermal 
decomposition of the photoresist layer caused by the heat 

30 accumulation in the light absorbing layer varies with the power 
of the laser beam irradiated, and therefore, the thickness of 
the light absorbing layer may be increased be^ypnd 300 nm, namely , 
to a thickness of up to 500 nm in the case when the laser beam . 
used for the exposure is of relatively low power. 

35 The present invention is particularly effective when the ; 

relation: ' 4 
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t R / A, E < 0. 6, and in particular, when the relation: 
t R / X E <> 0.3 

is satisfied when the laser beam has a wavelength of X E (unit: 
nm) , and the photoresist layer has a thickness of t R (unit: 
5 nm) . When the relative thickness of the photoresist layer in 
relation to the wavelength A, E (i.e. t R / X, E ) is too large, the 
effect of the present invention to improve the pattern profile 
will be less significant since the tapering of the pattern 
profile caused by the laser beam reflected from the upper 
10 surface of the substrate is less significant. It is to be noted 
that the relative thickness t R / X E is generally limited by the 
width and the depth of the protrusion/depression pattern formed, 
and it is generally such that: ... ^, 

15 ^ : The present invention is particularly effective when the v? .";iVr 
^relation: . • \ vfiv^W^ '^-^'- . •• : ' . • ; v."- 

W p / X E < 0.9, and in particular, when the relation: 

W p / X E < 0.5 . J t 

is satisfied when the protrusion/depressioh pattern formed in ] " 

20 the photoresist layer has a minimum width of W p (unit: nm) . 

When the relative minimum width in relation^©, the wavelength ;^ .; v >.-. - 
C A£ ,(i.e. W p / X p ) is too large, the effedt^ of .the .present . xi.i./X'-. " '.•} 

./ .^i^'Mlfcion to imprcwe-^tlri ^pattern prof ile Be less :• ^ > tiife trcr*- p 

"->• ^ms^#i^i'cai-n t since the ^pering of the - pa v t^Ep\prbfxle -cauae4-^vc- t#p-** 
25-J^^tehe laser beam reflected from the Supper- surf ace of the 
substrate is less significant. However, when the relative 
minimum width W p / X E is too small, formation of high precision 
pattern will not be possible due to the optical limitation. 
Therefore, the relative minimum width is preferably such that: 
30 0.2 < W p / X E , and more preferably: 

0.3 < W p / X E . 

It should be noted that the protrusion/depression pattern 
formed in the photoresist layer is the pattern provided for 

V-* the purpose of forming grooves and prepits in the medium. In 
35 the formation of a medium provided with grooves, the minimum 

ril width is the minimum width value of the depression or the 
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protrusion used in forming the groove or the land (the area 
that extends between two adjacent grooves) . 

The wavelength X E of the laser beam used in the present 
invention is not particularly limited. However, use of a 
5 shorter wavelength A. E is preferable since use of a shorter wave 
length A, E will enable formation of a finer pattern. Use of 
laser having an extremely short wavelength is unpractical and 
development of the photoresist that corresponds to such laser 
is also difficult. In view of such situation, the wavelength 

10 X E is preferably in the range of 200 to 500 nm, and more 
preferably, in the range of 230 to 420 nm. 

The present invention is effective in a process wherein 
the pattern is formed by exposure to laser beam. In other words, . ^ •„•*.>■ 
• this inventiqn is, useful in a. process wherein ienergy^ v v&-.Av.\ S^vltf* 

15 distribution of the plane irradiated :by the beam during' the y : -> * .Tv "i^?^;V; < 
exposure is Gaussian distribution and not uniform.*: . C ': ; . • ..!,< 

In the present invention, the cross section of the 1 : 

protrusion/depression pattern formed in the photoresist layer - ^ .*?■• 

may be rectangular, trapezoidal, or triangular. For example, : 

20 when a channel pattern corresponding to the grooves of the 

medium is formed, the cross section may be either a channel /< : >]f: • 
with U-shaped cross section or a channel with Y-shaped; cross c i'z 'Uu <u 

section. If intensity of the lasfer/b.eain used:intthe formation: i try *>£ XAt^ la"^ 
of the latent : ima%£ is relatively "high to? "reach ^the-rlower > "3 ^ ^ r^'^ti^ply 

25 surface of the photoresist layer, the ^channel formed will be r. \ ; /• ; V" ):-\ 
U-shaped. On the other hand, a V-shaped channel will be formed 
if the laser beam used has a relatively low intensity not 
reaching the lower surface of the photoresist layer. It is 
also possible that both types of channels are present on one 

30 photoresist master . 

In the present invention, the substrate used in the 
manufacture of the photoresist master may comprise any material, 
for example, a glass, a metal, a semimetal, or the like. 

When a glass substrate is irradiated with UV and the amount 

35 of light reflected from the surface (the surface of the beam 
incidence) and the back surface of the substrate is evaluated, 
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more light is reflected from the surface of the substrate. 
Furthermore, when the light absorbing layer is formed on the 
surface of the beam* incident surface of the glass substrate, 
the laser beam that reaches the photoresist layer after 
5 reflecting at the back surface of the glass substrate will be 
the one that had passed the light absorbing layer twice, and 
the beam reaching the photoresist layer will have a 
considerably reduced intensity. Therefore, the present 
invention wherein the light absorbing layer is formed on the 
10 beam incident side of the substrate can more efficiently reduce 
the effect on the photoresist layer of the light reflected from 
the substrate compared to the case wherein the light absorbing 
layer is formed on the back surface of the glass substrate. 
*. , ,;, It is to be noted that the: light absorbing layer; may be,.'.. 4W 7 i*;.. •< 
15 optionally provided on the rear surface of Htheif^aihstratet/ ? .*■?■ o: r ■ t fjfe. r f t- 
.namely, on the surface oppoisite to the surf a cfey pnr^whifch theJkw . .^^. r/ L>J» : -)*i- 
photoresist layer is formed, in addition to the; frxDht, surface - S^'l^B 
of the substrate. 1 : i 

• : . A 

20 EXAMPLE 

Example I t . : • £ 

Stamper No, 1 £. :,' - '" : .-r.VV . * ^ * : 



On a polished glass substrate was formed Cat layerr :!of .al s":tto ': 



. ( / ^coupling age^^ and a coating containing aoLigfit rabsqiber wasvr. iti n f \ .^>ht :!*Z$ 

S6 :^ spiivc^ layer/. I The^coating/isol^tdonv^r \;.tvj iinyr* >Xvi\£ 

' used was SWK T5D60 manufactured by Tokyo Ouka Kogyo K.K. 
containing 4, 4' -bis (diethylamino) benzophenone as the light 
absorber. The coating after thermal curing had an absorption 
coefficient for i-line (wavelength, 365 ran) of 0.35, and an 

30 absorption coefficient of 0.31 at the wavelength of 351 nm. 
This coating was baked at 180°C for 5 minutes for curing while 
the residual solvent was removed. The resulting light 
absorbing layer had a thickness of 52 nm. Content of the light 
absorber in the light absorbing layer was 60.8 mass%. 

35 Next, a photoresist (DVR100 manufactured by Nippon Zeon 

K.K.) was spin coated on the light absorbing layer and baked 
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to evaporate the residual solvent to thereby obtain a 
photoresist layer of 24 run thick. 

The photoresist layer was then exposed to Kr laser 
(wavelength A, E , 351 run) by using a cutting machine manufactured 
5 by Sony Corp. in order to form a groove pattern at a pitch of 
300 nm and a groove width (minimum width of the 
protrusion/depression pattern, W p ) of 150 nm. The photoresist 
layer was then developed to produce the photoresist master. 
It should be noted that the t R / X E in this case was 24/351, 
10 namely, 0.068. 

A nickel thin film was then formed on the photoresist 
layer-bearing surface of the photoresist master by electroless 
..plating. Another nickel film was electrofprmed on the nickel, -j. s- " % 

> - thin- film. The laminate of the nickel thlh* £ ilm^and 4 ithe -3 ; i T-v;ir!'r-'.;^r- u * 

15 ; ele.ctrof ormed nickel film was stripped f i^mi the-photoresi'St^I .;i:Lu,. -w : : h ^/ythSk 
layer,., yielding stamper No . 1. . ! ' ' * « ' V JB 

Stamper No. 2 i 
V. .Stamper No. 2 was produced by repeat ing. the. procedure , of 'tffi- 
Stamper No. 1 except that a Ce0 2 film with a thickness of 100 
20 nm formed by sputtering was used for the light absorbing layer , 

and that the photoresist layer was applied, to. the Ce0 2 film J£ f , " t 
V. >.\. after forming a coupling agent layer. It isvto be.noted . that / ■ .v -u':. 'U^/-.^ 

s , the^Ce02 film of 100 nm thick functions as l^va^tl-ref lection ? v .v W ;* 1 

*, \ : .layer by means of optical interference at fitie* wavelength used':-^ r v'. .in ^r^.: zr*j 
25 . fpr She 'exposure. "' :. * " £■■*: < VV : ■? \ ■ 

Evaluation 

The protrusion/depression pattern formed in each stamper 
was evaluated for the height of the protrusions , half width 
of the protrusion height, and tilt angle of the edges of the 
30 protrusions by using an AFM (atomic force microscope) . The 
results are shown in Table 1. 

FIGS. 1 and 2 show the AFM images of the stamper Nos. 1 
and 2, respectively. In these AFM images, the region of darker 
color corresponds to the area of depression while the region 
35 of lighter color corresponds to the protrusion area. 
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Table 1 



Stamper 
No. 


W P 
(nm) 


w p A R 


Height 
(nm) 


Half 
width 
(nm) 


Tilt angle 

of right 
edge (deg) 


Tilt angle 

of left 
edge (deg) 


1 


150 


0.427 


22.19 


152 


22.0 


25.4 


2 

(Comp. ) 


150 


0.427 


13.85 


178 


8.4 


7.5 



The merits of the present invention is evident from Table 
1- In the stamper produced by applying the present invention, 
the pattern formed exhibited quite sharp cross-section 
although the minimum width Wp of the protrusion/depression 
pattern had been smaller than 1/2 of the exposure wavelength 



• ^E,- arid the protrusion height was very close rtortfreV-fchlckne^ 

of the photoresist layer before the patterriirfguas>a^r^suit : of U^iy£ ii : j*$*:i'i&%\t'%% 



■7;>. 



'M^m^ . * . . • ... . ■ - • • - • • • 

;^\?-;\ - procedure except that the photoresist master^usetd tod no light nt ttfifc r*ioU>; • 

"^T"M^ - : X'S ,. vv' : . . '.'•SC ■•' --'^ ^ , .. ... ■ ' ' •C'^V,--^ ^ '-o 

20 r "• v The stampers were evaluated for their protrusion height v " ' ' ■>' ' 

and tilt angle of the edge of the protrusions by using an AFM. 
The results are shown in Table 2. It is to be noted that the 
average tilt angle shown in Table 2 is the average of the left 
and the right edges. 
25 Table 2 



10 reduced thinning of the photoresist l*ayer 
• r Example 2 h 

Stampers were produced by repeating the procedure of 
Stamper No. 1 of Example 1 except that the- photoresist layer 
was deposited to a thickness of 25 nm, and the minimum width 
15 of the protrusion/depression pattern (the groove width) W p was 
•' . set . in the exposure at , the values shown in?Table 2; Stampers 
v for- comparison purpose were also producedrrin ra?rsimi ; lar 



'3 



w p 

(nm) 


W P /X E 


Height (nm) 


Average tilt angle (deg) 


Light absorbing layer 


Light absorbing layer 


Present 


Absent 


Present 


Absent 


150 


0.427 


23.6 




21.2 




162.5 


0.4 63 


23.8 


19.9 


21.3 


8.4 


175 


0.500 


24.5 


24.3 


20.1 


9.2 


197.5 


0.563 




24.5 




10.5 
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As evident from Table 2, use of the photoresist master 
provided with the light absorbing layer resulted in the 
markedly increased tilt angle of the protrusions, namely, in 
the remarkably reduced tapering of the pattern profile. It 
5 is also evident that the effect of suppressing the decrease 
in the pattern height is particularly high when the relation: 

W p / X E < 0.5 
is satisfied. 

The experiment as described below was also conducted. 
10 A stamper was produced by repeating the procedure of the 

stamper No. 1 of Example 1 except that the relative thickness 
of the photoresist layer in relation to the wavelength X E (i.e. 
t R / X E ) was 1.3. The pattern formed on the -resulting stampers +j>&M 



20 



•:■ - was-, suf ficiently sharp. Hiowever, when; anu opticalL^d^ 
15 substrate was formed by using this stamper , *arid;an:dptical disk : l>yx^i^%^. 
was produced by forming a recording layer ^on such substrate, / » > 
this optical disk failed to produce the tracking signal (signal '. ' 
produced by the grooves) required for its; use as an optical • * : > j.^^ ^ 
disk. 



... 



MERITS OF THE .INVENTION I' ' 



In the present invention, a light absorbing tlayer: i's : } rvv^rttf ^fep./ £ V 3 if 
; : i^:Jt: jpr^idfed in contact with tfre photoresist rlayefe* in fche\ ' ' -.with 'th' . 
'V^<'4fei. ! -^makkfa-ct-ur&gvib.f the photoresist ma s t e r , and a s f a.cbns equerice > : * phnto^ l Jif ?jt i /^$v; 
25 decrease in the pattern height as well as; tapering of the ' * v> * ; : 5 " '"- •/ 

pattern profile is suppressed even if the minimum width Wp of 
the protrusion/depression pattern were as small as half or less 
of the exposure wavelength X E . 
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CLAIMS?- 

1 • A method for producing a photoresist master for an optical 
information medium comprising the steps of 
5 applying a photoresist layer on a substrate, 

exposing the photoresist layer to a laser beam to form 
a latent image in the photoresist layer, and 

developing the latent image to form a 
protrusion/depression pattern to thereby produce the 
10 photoresist master; wherein 

a light absorbing layer is formed between said substrate 
and said photoresist layer and in contact with said photoresist 
r layer, and said light absorbing layer exfiibitsildght :absorpt ion ^ 
* !'^y%Jt^tiB - wavelength ' of - said- laser beam. " XM-* \,-. -<\v'~^ if c*f ; 

•% : " -; v ': '.: >; ' is \ ! ' '•• . ' ; ' 4- ■ 

,2. The method according to claim 1 wherein said light 
absorbing layer contains an organic compound which exhibits 
■./ light absorption at the wavelength of safdV. laser beam. 

20 3. The method according to claim 2 Iwherein the- organic 
compound used is at least one member selected from a r ." 
^t;phbtoinitiator, a co-initiator, and a dyey^o/a: V, V - * cv 

:; 4^.v ; t^ • - ' . " ' ' "■ ■ 

The- method according to any one of claims 3r to :3 wherein ^ 

25 • the % e 1 a t i on : 4 / • i/' . ' v:W- * . * 1 

t R / X E < 0.6 

is satisfied when said laser beam has a wavelength of A, E (unit: 
nm) , and said photoresist layer has a thickness of t R (unit: 
nm) . 

30 

5. The method according to any one of claims 1 to 4 wherein 
the relation: 

W p / X E < 0.9 

is satisfied when said laser beam has a wavelength of X E (unit: 
35 nm) , and said protrusion/depression pattern formed in the 
photoresist layer has a minimum width of W p (unit: nm) . 
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6. A method for producing a stamper for an optical 
information medium by using the photoresist master for an 
optical information medium produced by the method of any one 

5 of claims 1 to 5, wherein said method comprises the step of 
transcribing said protrusion/depression pattern formed in the 
photoresist layer to a metal film. 

7. The method according to claim 6 comprising the steps of 
10 forming a nickel thin film on said protrusion/depression 

pattern formed in the photoresist layer by electroless plating, 
forming an electrof ormed film on said nickel thin film, 

, . and . 

&:? . peeling, said metal < film comprising said nickell'thjLnifilm - 

/;.-•;.' 15 ' and said electrof ormed f ilm to thereby i «producef±lie metal >f>xlm' 
: having the protrusion/depression pattern transcribed thereto . 
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